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ABSTRACT. The structure of the magnetotail plasma sheet-plasma 
lobe boundary is studied by observing the properties of tailward flo- 
Wing 0 ion beams, which have been detected by the ISEE-2 plasma experi- 
ment inside the boundary during three time periods on April 1978. The 
computed value of the north-rsouth electric field component as well as 
the 0 + parameters are shown to change at the boundary. The results 
are discussed and related to the other observations made in this re- 

•j* 

gion. The 0 parameters and the component behaviour are shown to 
be consistent with that expected from the topology of the electric 
field lines in the tail as mapped from the ionosphere. 

INTRODUCTION 

Studies have been conducted that show substantial differences 

between the inner region and the outer layer of the plasma sheet, at 

the interface with the magnetotail plasma lobes. As regards the thermal 

plasma, Lui et al. (1977) have published data from IMP-6 for various 

substorms in 1971-1972; they show that the earthward flow of protons, 

in the 50 eV/charge to 40 keV/charge range, haB a higher velocity close 

to the outer plasma sheet boundary than in the inner plasma sheet, in 

the R < 30 R region. De Coster and Frank (1979) report similar observa- 
E 

tions using IMP 7 and 8 proton data for 1975-1976, for the region at 

distances between 30 and 40 R in the tail in the same energy /charge 

E 

interval; they suggest that this earthward flowing plasma is responsi- 
ble for the thickening of the plasma sheet after the substorm thinning; 
they estimate a North- South velocity for the surface of the expanding 
plasma sheet of about 11 km/s. Parks et al. (1979) report the observa- 
tion at I* 5, 6 and > 16 keV, of an energetic non-thermal electron and 
ion layer a few thousand km thick, right outside the plasma sheet boun- 
dary, at 20 R . Multiple layers of flowing electrons and protons have 

been detected by the ISEE satellites at 20 R (Frank et al., 1981) and 

E 


it has been shown that these flows carry electric currents on the pla- 
sma sheet surface. As for the particles at higher energy, Spjeldvik and 
Fritz (1981) have presented ISEE-1 data in the 25 keV to 445 keV range 
that show ions and electrons flowing at the surface of the plasma 

sheet, during substorm activity on March 24, 1978, around X =-15 to 

SE 

-20 R locations. From the detailed observation of a multiple encounter 
E 

with this layer of flowing plasma they infer either a multiple structu- 
re or a wave-like modulation of the plasma sheet boundary surface. 

Andrews et al. (1981) have observed, on ISEE-2 at ^15 R , a structured 

E 

layer of ions between 25 keV and 2.5 MeV jetting towards the Earth at 
the plasma sheet boundary, together with the tailward return flow of 
mirroring ions. The energy dispersion characteristics of these ions are 
explained as the effects of their flow in the magnetotail E field and 
of the motion of their source. Similar observation are reported by D.J. 
Williams (1981). 

•f 

Streams of cold 0 ions flowing tailwards, with energies in the 
order of hundreds of eV, have been detected in the northern magnetotail 
plasma lobe and, at times, within the plasma sheet (Sharp et al., 1981; 
Orsini et al., 1982; Candidi et al., 1982), Hot 0 in the energy range 
1 to 17 keV is sometimes the major constituent of the plasma sheet 
(Peterson et al., 1981). The E x B drift in the plasma lobes has been 
suggested as a possible mechanism by which the 0 ion streams are 
driven towards the plasma sheet; after being energized and thermalized 
these 0 ions could become part of the plasma sheet (Pilipp and 
Morfill , 1976). 

In the following we will report on the observation of 0 ion streams 
at the boundary between the lobes and the plasma sheet and on the modi- 
fications of properties at the transition. The structure of the bounda- 
ry itself will be investigated by using the 0 ions as test particles. 
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NSTRUMENTATION AND DATA BASE 


The description of the ISEE-2 plasma experiment (PE) was given in 
Bonifazi et al. (1978). Here it will be sufficient to recall that it 
counts positive ions travelling within +45° of the satellite equatorial 
plane (i.e., within nearly +45° of the SE equatorial plane), in the 
energy/dharge rang'i 400 eV/q to 4.0 keV/q in steps of AE/E^JS, with 
additional measurements at 56, 86, 155 and 240 eV/q and at 5.43, 7.03, 
8.37 and 10.3 keV/q. The angular resolution in the equatorial plane is 
5.6° (or 2.8° in high bit rate) for the 68° sector centered at the Sun 
direction (i.e. for tailward flowing ions) and 90° (or 45° in high bit 
rate) for the other three 90° sectors. A 22.8° blind sector is present 
between the tailward flow and the duskward flow sectors. One comple- 
te distribution (in energy and in angle) is sampled every 96 seconds. 

For this study five periods of continuous observation, totalling 
37.5 hours, have been selected. For all these periods the identifica- 
tion of the 0 + ions has been made with the ISEK-1 ion composition exper 
imerit (ICF.) data. Details about the identification of the ion species 
for the selected plasma sheet periods will be given. The corresponding 
observations during the lobe periods have been discussed in Orsini et 
al.(1982). Lobe and plasma sheet samples are present in the data set 
during geomagnetically active times. 

Event A ; Days 113-114; April 23, 2000 UT to April 24, 0800 UT, 1978. 

The satellite pair travels in the tail between X gE = -19 Rg and 

X = -14 R. (Y between 7 and 3 R and Z__ between 6 and 8 R ). The 
SE E SE E SE b 

PE energy spectra for the tailward flow and for the earthward flow 
sectors are shown in the 3D plots of Figure 1. Particles, at energies 
above 1 keV, are present between 0000 UT and 0130 UT, between 0335 and 
0500 UT and between 0605 UT and 0800 UT. This plasma is nearly isotro- 
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pic (it is present in both flow directions). These features are typical 
for the plasma sheet population, At low energy, in the tailward flow 
sector only, a population is present at times, both in the lobe region 
as well as within the plasma-sheet. 

To assess the nature of these low energy ions, data from the ISEE-2 
PE and from the ISEE-1 ICE were compared. The differential fluxes 
measured by the two experiments have been averaged over one hour and 
are shown, as an example, in Figure 2 (0300-0400 UT day 114). It shows 
that, both in the tailward flow and the earthward flow sectors, protons 
are the dominant ions of the plasma sheet, at energies above 1 keV. 

At energies below 1 keV the ICE data reveal that tailward flowing 0 + 
fluxes are almost 3-5 times higher than H + fluxes. Since the PE data 
show high fluxes of ions flowing tailwards in this energy range, these 

•f 4* 

are identified as 0 . The differences between the 0 fluxes as measured 
by the two instruments probably result from sampling effect, since the 
ICE time coverage is not continuous. 

•f 

Quantitative analysis of the PE 0 data have f 5en performed; the 
derived parameters for the interval 2300 UT day 113, 0700 UT day 114 
are plotted versus time in Figure 3 together with the computed north- 
south component of the electric field: 


E = v B - v B 
z Dx y Dy x 


where v^ and v are the 0 ions drift velocity components on the SE 
equatorial plane; B^ and B^ are the ISEE-2 magnetic field components on 
the same plane (Russell, 1978). 

The top panels represent the ISEE-1 electron spectrometer 724 eV 
measurements and the ISEE-2 plasma experiment 5-10 keV positive ion 
count rates. These two plots show the presence/absence of the plasma 
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sheet particles. When the satellite moveB from the plasma sheet into 
the lobes, the plasma sheet proton signal disappears earlier at low 
energies than at higher energies. The disagreement between the proton 
and electron detection of the plasma sheet could be due to the 11 keV 
energy upper limit of the PE. The plasma sheet ions near the boundary 
couldn't be detected because of their too high energy. This is confirm- 
ed by the presence of high energy protons when the satellites were 
crossing the boundary on day 114, around 0320 UT (Spieldvjk and Fritz, 
1981) » The first signal, at ISEE-1, occurs at 0316 UT, well before the 
low energy protons are detected at ISEE-2, around 0335 UT. The separa- 
tion between ISEE 1 and 2 (250 km, and only a few km in Z„„) cannot 

SM 

explain this delay. 

+ 

The tailward streaming 0 ion parameters are plotted in the lower 
panels. They reveal several noticeable features. The density shows 
maxima around 2340 UT, around 0200 UT, at 0315 UT and at 0500 UT. These 
maxima generally occur at times when the electron spectrometer signal 
is wigghing above background. It should be noted that the peak at 0315 
UT occurs when the high energy earthward streaming protons are observed 
(Spieldvjk and Fritz, 1981). A decrease in the 0 + bulk flow velocity is 
also evident at the same times. 

The middle panel of Figure 3 shows the time evolution of E , the 

z 

vertical component of the ambient electric field. This has been com- 
puted by assuming that the bulk flow velocity of the ions always lies 
in the SE XY plane (V = V ) ; this can introduce an overestimate of 

_ -xy 

| E | by a maximum of 25% (no change in sign can be introduced by this 
z 

assumption) . It can be seen in the figure that E changes polarity 

z 

when the peak in density appears. 

All the features mentioned are shown in the angular distributions of 

+ 

Figure 4. This is a sequence of four contiguous 96 s V V (H equiva- 

x y 

lent) scans of the differential fluxes as computed by the PE data 
between 0312 and 0317 UT, day 114. Only tailward flow sector fluxes are 
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st 

shown, since no signal is detected in other directions. In the 1 

* 4 * 

panel the intense 0 beam is very cold and collimated. When the density 
nd 

increases (2 panel) the flow direction reverses and the velocity 
looks like to decrease. 

Event B ; day 100, April 10, 1600 to 2400 UT, 1978; 

day 101, April 11, 0800 to 1200 UT, 1978. 

The orbit segment for this event extends between X =-12 R and X = 

SE E SE 

-20.5 R„ (Y between 7.5 and 5 R : Z__ between 5.50 and 8 R_). 

E SE E SE E 

Figure 5 shows a 3D plot of the plasma experiment data; the same 
features as for event A are noticeable, with plasma sheet detection 
between 1600 UT and 1700 UT, between 1800 UT and 1905 UT, and between 
1940 UT and 2150 UT, the low energy peak has a higher intensity and is 
more persistent in this case. As an example, the comparison with the 
ICE data is shown in Figure 6, for the hourly average between 1800 UT 
and 1900 UT, day 100. The plasma sheet-like population (isotropic) is 

* 4 * 

compoused essentially of H , whereas the tailward flowing cold ions at 

* 4 * 

energies below 1 keV are made up primarly of 0 (ICE protons <1 keV are 

below the plasma experiment one count threshold in that range). 

+ 

Figure 7 shows the 0 ion stream parameters derived by the PE data 
plotted versus time and the energetic protons and electrons count rates 
for the period 1600-2300 UT, day 100. In this time period a lobe 
observation can be defined only after 2220 UT (there is a gap in the 
electron spectrometer data between 2120 UT and 2220 UT) . Before 2120 
UT (and after 1600 UT) the 219 eV electron count rate is always above 
background. The satellites are apparently moving from the plasma sheet 
to the boundary region, where the ion count rate goes to zero, but do 
not reach the lobes before the data gap. For this reason it is harder 
to interpret the time behaviour of the 0 + ion stream density and flow 
direction; these parameters display frequent fluctuations as if the 
location of the density maximum and drift reversal were traversed 
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several times. The estimated E , computed under the usual assumptions, 

z 

shows several variations. It should be noted that the E^ computed value 
may be inferred by temporal fluctuations or by too large angular 
spreads, especially when the 0 density is low. 


Event C ; day 103, April 13, 2000 to 2400 UT, 1978; 

day 104, April 14, 0430 to 1100 UT, 1978. 

The satellites move between X =-20 and -18 R (with Y =6 to 1.5 

SE E SE 

and Z =8 to 6.5). The ISEE-2 PE 3D plots are shown in Figure 8. The 
SE 

plasma sheet signal is detected between 2000 and 2042 UT on day 103 and 

+ 

between 0830 and 1000 UT, on day 104. A consistent 0 ion stream is 

often observed in the tallward flow sector during the whole two 

periods. The identification of 0 + is based on ISEE-1 ICE data; Figure 9 

(analogous to figures 2 and 6) refers to the hourly average betweea 

0830 and 0930 UT on day 104. The 0 flux measured by ICE is from 4 to 

10 times higher than the proton flux, below 1 keV, where the plasma 

experiment detects the tailward streaming particles, which we therefore 

identify as 0 + . Protons are in fact below the ISEE-2 plasma experiment 

sensitivity threshold in that energy range. 

* 1 “ 

The plots of the 0 parameters together with the computed E and 

z 

the 724 eV electron sr 'ictrometer data are shown in Figure 10, for the 
period 2100-2400 UT, day 103. No positive ions are detected in the 5-10 
keV energy range. The ISEE-1 electron spectrometer shows plasma sheet 
electrons at times, between 2100 UT and 2150 UT; after 2150 UT the 
spacecrafts are in the lobe. When the electrons are present, their flux 
is highly variable; the satellites are is the boundary region before 
2150 UT, where they move towards the plasma sheet and recover as they 
move towards the lobe, which they enter at 2150 UT. The 0 density is 
too low before 2120 UT to be analyzed, but during the final excursion, 
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2120-2150 UT, it increases and the typical behaviour of the flow veloci- 
ty direction is seen, with double reversal at 2128 and 2132 >JT (no peak 
in density is present here) and a final deflection to zero at 2205 UT 
in association with a density increase. 

STATISTICAL ANALYSIS 

Three different regions have been defined on the basis of the pre- 
sence or absence of plasma sheet signal in the ISEE-2 plasma experiment 
and in the ISEE-1 electron spectrometer data. When both instruments 

detect particles in the two selected energy ranges we define a "plasma 

3 -2 

sheet" observation; when both show no flux above background (~10 cm 
-1 -1 -1 

s sr keV ) we define a "lobe" observation; when electrons are 
present, but no signal is seen in the protons a "boundary region" , 
observation is defined. 

The overall 37.5 hours of data from the plasma experiment have been 

analysed statistically, as regards the parameters of the 0 ion streams 

—3 ~3 5 -2 

(Figure 11). A lower limit of 2 • 10 cm (corresponding to ^10 cm 

—1 -1 -1 

s sr keV ) on the density has been chosen for confidence in the 
derived parameters. When the plasma sheet signal was observed, 3 counts 
per angular subsector (5.6° or 2.8° depending on bit rate) were subtrac- 
ted in the tailward flow sector, to account for the low energy tail of 
the plasma sheet protons. This drastically cut our data base to about 
300, 100 and 80 spectra for lobes, boundary and plasma sheet respective- 
ly. The right upper panel of Figure 11 shows the YZ„ W plane projection 

SM 

of the ISEE satellite locations at which the measurements were taken. 

The other panels show the statistics over the 0 + parameters and the 

computed E value. The average values of the histograms are shown in 
z 

table 1. 
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Averages 


P, Sheet 

Boundary 

Lo':e 

0 + density ( 

, -3. 

, cm ) 

0.08 

0.10 

o.i: 

0 velocity 

(km/s) 

67 

46 

64 

Computed 

(mV/m) 

-.56 

-.54 

-.1: 


Table 1. Average values from the histograms of Figure 11. 

The density of the 0 ion streams seems to be higher in the boundary 
region (where the density peaks are observed) than in the lobe/plaema 
sheet regions and the 0 + velocity appears to be lower. The thermal velo- 
city is generally higher in the plasma sheet than in the other regions, 
with the usual anisotropy, the perpendicular thermal velocity being, in 
a ratio of 2 or 3 to the parallel thermal velocity (Candidi et al., 

1982) , The computed north-south electric field value appears to be 
more frequently negative in the boundary and plasma sheet regions than 
in the lobes. This result is in agreement with the single events obser- 
vation. 


DISCUSSION 

* 4 * 

The properties of the 0 ion streams inside the plasma sheet have 
been investigated by Sharp et al. (1981) using a data set much larger 
than the one used for this study. Furthermore we have intentionally 
limited our attention to periods when the ISEE satellites were presuma- 
bly close to the plasma sheet boundary. Nevertheless the heating of the 
* 1 * 

0 beams into the plasma sheet that result from our analysis is in 
agreement with their conclusions. 
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In the boundary region, the computed density of 0 ions appears 
Bomewhat higher than elsewhere; whereas the 0 density distributions in 
the lobes and in the plasma sheet are similar (in agreement with Sharp 
et al., 1981). The bulk flow velocity in the boundary region is distrib 
uted around values lower than in the lobes and in the plasma sheet. 
These statistical results can be noticed in the individual cases, as 
shown in Table 2. 



UT 

. .<3, 

Dens (cm 

) before/after 

Vel (km/s) 

before/after 

100 

17.10-1730 

.34 

.15/. 04 

30 

53/65 

100 

1900-1930 

.28 

.17/. 09 

36 

51/60 

103 

2130-2215 

.11 

- /.06 

58 

- /72. 

114 

0159-0205 

.27 

.20/. 08 

42 

48/53 

114 

0314-0315 

.90 

.,05/ .01 

53 

68/68 


Table 2. 0 + average parameters for 5 boundary crosses. Values of time 
equivalent contiguous periods are shown for comparison. 


4 

In coincidence with the density maxima in the 0 ion streams, we 
see dips in the flow velocity trace, around 0200 and 0315, day 114, and 
a lower velocity period around 0500-0530 UT, when the density is gener- 
ally high (see Figure 3). The density peaks at 1710-1730 UT and 
1900-1930 UT, day 100, are generally associated with lower velocity 

(Figure 7). The E reversal around 2130-2215 UT, day 103, is associated 
z 

with velocity lower than afterwards, in the lobe (Figure 10). 

The position of the satellite at the time the measurements were 
made was roughly in the central magnetotail. Furthermore the direc- 
tion of B, with B generally positive, indicates that We are located 
y 

for most of the time on the dawn side of the magnetotail. The mapping 
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of the ionospheric electric fields into the magnetotail (Rostokeer and 
Bostrom, 1976) predicts an inversion of the ambient electric field when 
crossing into the plasma sheet. The reversal of flow that is observed 
in the polar ionosphere when the aux'oral oval is traversed {see 
Fairfield, 1977, for a review) is interpreted in terms of an electric 
field reversal. As a matter of fact the XY component of the flow, when 
ISEE-2 crosses between lobe and plasma sheet in the magnetotail appears 
to change its sign as well. This should be interpreted there again as a 
reversal of polarity of the ambient electric field. 

Fig. 12a and 12b refer to another plasma sheet boundary crossing 

on March 22 1979 around 1453 UT. Eight v - v (H + equivalent) angular 

x y 

distributions of the differential energy fluxes are shown. The crossing 
of the boundary occurred when the instrument yas operating in the high 
time resolution mode. This particular mode of operation only scans the 
energy channels that are close to those with the maximum count rate; 
the measurements are therefore taken at few seconds time resolution, 
but energy coverage is reduced. In Figure 12a the four panels show the 

•J* 

typical lobe 0 ions. The first panel is a normal operation 96 s mode 
angular distribution for all flow directions (only a low energy, in- 
tense and collimated beam is distinguishable) » The other three plots 
are obtained from the high time resolution mode data and show the tail- 
ward flowing beam present before 1453 UT. At that time the XSEE-1 elec- 
tron spectrometer 724 eV count rates (not presented here) increase to 
the typical plasma sheet values, thus indicating that the satellites 
are crossing the plasma sheet boundary. In this particular case the 
satellites are entering the plasma sheet from the southern lobe, on the 
dawn, magnetotail side. Figure 12b represents four angular 
distributions detected after 1453 UT. The first three are taken in the 
high time resolution mode and detect at the 0 beams (inside the plasma 
sheet). The last one is a complete overview of the data over 96 sec- 
onds, obtained some minutes later: the typical plasma sheet population 


11 



is present, characterized by enrgetic and nearly isotropic fluxes with 
the maximum in the earthward flow sector, superimposed to the low 
energy highly fluctuating 0 beam. 

The high time resolution demonstrates the sharpness of the transi- 
tion. On a time scale of a few seconds, the direction of the drift 

reverses from dawn-to-dusk in the lobe (i.e. positive E ) to dusk-to- 

z 

dawn in the plasma sheet. The decrease of the 0 ion stream velocity 
53 

around 1452 UT is evident and the drift velocity is already lower 
in that panel, an indication of the beginning of the flow reversal. 

The decrease in the bulk flow velocity can be explained, using the 
Rostoker and Bostrom model, by the traversal at the time of the cross- 
ing, of a positively charged layer that should be present, according tc 
that model, on the plasma sheet surface on the dawn side. The 0 + ions 
would be slowed down when approaching the charged layer and accelerated 
to their initial energy as they recede from it. The possibility that 
this decrease could be due to an increase of the north-south component 
of the flow velocity, so that part of the signal could have been lost 
due to the plasma experiment +45° latitude cut-off, is not in agreement 
with the contemporary increase of the density, that could imply a con- 
centration of low-velocity 0 in the boundary region. On the other 
hand, the rapid evolution of the ion velocity and direction suggest 
that the instrument, when operating in the normal 96 seconds mode of 
operation, might have detected the 0 + beam more than once in a single 
spectrum, thus increasing the computed value for the density. 

SUMMARY AND CONCLUSIONS 


We have studied the structure of the plasma sheet - plasma lobe 
boundary in the magnetotail as observed by some experiments on board 
the ISEE satellites during three events in 1978. The parameters of the 

•f 

0 ion beams (identified by the ISEE-1 ICE), as computed by the ISEE-2 
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plasma experiment, have been used together with the ISEE-2 magnetic 
field data to calculate the north-south DC electric field component. 

By looking at the presence or absence of the 5-10 keV positive ions and 
of the 219 eV and 724 eV electrons we have defined three regions, named 
"plasma sheet", "boundary" and "lobe". 

It has been shown that in the boundary region: 

1) The 0 + density increases. In one case (day 114, 0317 UT) this increa- 
se occurs together with the observation of an intense high energy 

•f’ 

H beam flowing earthwards (Spjeldvik and Fritz, 1981); 

2) The 0 + bulk flow velocity decreases; 

3) The 0 + flow direction changes its sign, so that the computed E 

z 

behaviour is in agreement with the magnetotail electric field con- 
figuration as modeled by Rostoker and Bostrom (1976). 

The angular distributions in a V - V SE plane for another time' 

x y 

period (1979, day 81, 1450-1500 UT) , when the ISEE-2 plasma experiment 
was operating in the high time resolution mode, shows that the flow 
direction reversal occurs abruptly, in a few seconds. It has been shown 
that the abrupt decrease of the beam bulk flow velocity occurs during 
the boundary crossing, as if a positively charged layer was encountered. 
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FIGURE CAPTIONS 


Figure 1 - Three dimensional plots of the plasma experiment count ra- 
tes summed over the tailward flow sector (bottom) and over the earth- 
ward flow sector (top) versus energy-per-charge versus time, for event 
A. The energy per charge scale is logarithmic. The count rate scale is 
linear. 

-2 

Figure 2 - Energy-per-charge spectra of the differential fluxes (cm 
-1 - 1 -1 

s sr keV ) from the ISEE-2 plasma experiment (dots) and from the 
ISEE-1 ICE (circles for 0 + ions and triangles for protons). The bottom 
panel represents the measurements taken in the tailward flow sector, 
while the top panel indicates the fluxes detected in the earthward flow 
sector. The data are averaged over one hour (0300-0400, day 114). Sym- 
bols drawn on the base line indicate that the flux is below the sensiti- 
vity threshold of the instruments. 

Figure 3 - The first three plots (from the bottom) show the time depen- 
dence of the 0 beam parameters, (bulk flo w velocity, thermal velocity 
perpendicular to B, density) for the time period 2300 UT, day 113 to 
0700 UT, day 114. The shading at bottom indicates that 0 + is not observ- 
ed or that its density is below threshold. The fourth plot shows the 

trend of E , the computed value of the north-south electric field. The 
z 

ISEE-2. plasma experiment positive ion count rates, in the 5-10 keV 
range, and the ISEE-1 electron spectrometer data, in the 749 eV energy 
channel, are plotted in the top panels. 

Figure 4 - A time sequence of four time contiguous angular distribut- 
ions of a typical 0 + ion beam detected by the ISEE-2 plasma experiment 
on day 114, 0312- 0317 UT during a plasma sheet-lobe boundary crossing, 

in a coordinate system v v SE. In this type of display all particles 

X y + 

are attributed the same mass and equivalent H velocities are computed. 
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Every angular distribution is taken over 96 seconds. The colours are 

proportional to the log of the differential fluxes according to the 

scales on the right of the single panels. The light blue areas are the 

-34° to +34° solar ecliptic longitude tailward flow sectors in which 

the high angular resolution data are taken. The broken lines are the 

ISEE-2 XY magnetic field projections. 

SE 

Figure 5 - Same as Fig. 1 for the two time periods of event B, 

-2 

Figure 6 - Energy-per-charge spectra of the differential fluxes (cm 
-1 -1 -1 , 

s sr keV ) from the ISEE-2 plasma experiment and from the ISEE-1 
ICE, as described in Fig. 2, averaged over one hour of event B 
(1800-1900 UT, day 100). 

Figure 7 - Same as Fig. 3, for the 0 + parameters (bottom), the computed 
E (middle) and the 5-10 keV ion count rates together with the 219 eV 

Li 

electrons, for t)‘ ■> time period 1600 UT - 2300 UT on day 100. 

Figure 8 - 3-D plots of the ISEE-2 plasma experiment data, as described 
in Fig. 1, for the two time periods of event C. 

_2 

Figure 9 - Energy-per-charge spectra of the differential fluxes (cm 
-1 -1 -1 . 

s sr keV ) from the ISEE-2 plasma experiment and from the ISEE-1 
ICE, as described in Fig. 2, averaged over the time period 0840-0940 of 
event C. 

•$* 

Figure 10 - Time evolution of the 0 parameters, of the E computed 

z 

value and of the 724 eV electron count rates, as described in Fig. 

.3, for the time period 2100-2400 UT on day 104. During this period 
the 5-10 keV ion count rates are always at background in the ISEE-2 
plasma experiment data. 
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•f 

Figure 11 - Results of the statistical analysis. From the left; 0 

density, 0 bulk flow velocity and E histograms for plasma sheet 

z 

(bottom), boundary (middle) and lobe (top) regions. The three right 
panels, from the bottom, represent the scatter plots of the 0 + thermal 
velocity component parallel to B versus the perpendicular component 
for the three regions. The top right panel shows the ISEE-2 orbit seg- 

•j* 

ments when the 0 beams have been detected. The thick line refers to 
plasma sheet and boundary regions, while the thin line indicates lobe 
regions. 

Figure 12a - Four angular distributions (as described in Fig. 4) for 
the time period 1450 44 UT - 1452 53 UT, day 81, 1979. The top left is 
a complete scan in all directions of the differential fluxes from the 
ISEE-2 plasma experiment, in the 96 seconds normal operation mode 
(WES). The other three panels show the angular distribution in the 
tailward flow sector only for some selected energy channels (light blue 
areas), close to the maximum, in the high time resolution mode ( HTR ) . 
Subsets of the available energy range are shown because of the absence 
of any signal in the other energies. 

Figure 12b - Four angular distributions (see Fig. 4 for description) 

of the differential fluxes from the ISEE-2 plasma experiment for the 

14 29 

HTR mode time period between 1453 and 1453 UT, day 81, 1978 and for 

33 

the WES mode scan at 1500 UT. 
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